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!L??^? d fOP "^nufacturing an absorbent layer for solar 

abs^n^ a d6 r iCe f ? r P*f««ln« the method and £ 
absorbent layer for solar collectors 



The present invention relates to a method and device for manufacturing spectral selectively 
absorbing layers for solar collectors having a high absorbing ability and low thermal emitt- 
ance on a movable receiving material by sputtering of metal in a coating zone having a 
sputtering atmosphere comprising at least one gas supporting the sputtering, preferably 
argon, (Ar), and a reactive gas, preferably oxygen (O 2 ), whereby the metal constitutes the 
cathode and the receiving material constitutes the anode, between which a potential differ- 
ence is obtained and thereby, a plasma, whereby metallisation of the receiving material is 
obtained by sputtering. 

BACKfiROI 1ND OF THF l|slvpMTir>M 

Solar collectors having a high energy efficiency absorb the solar radiation falling in there- 
on, transform it to heat energy, and deliver the thermal energy to a heat exchanging medi- 
um with least possible losses. 

The most critical part of a solar collector having high energy efficiency is its absorbing 
surface, which has to be spectral selective, i.e. have the ability of absorbing radiation in the 
wave length range of 0.3 to 2.5 micrometer, where the substantial part of the solar radia- 
tion energy is present. It shall further posses a low thennal emittance in the wave length 
range of 4.0 to 50 micrometer. 

A number of methods are known to obtain reflecting surfaces on e.g. A solar collector, 
viz., anodization with a subsequent metal pigmentation and sputtering or atomizing. 

Sputtering is obtained by means of having the cathode bombed by ions in a plasma gas 
formed by a potential difference between the cathode and the receiving material, whereby 
the cathode material is being atomized and the material forms a coating upon the receiving 
material. The process takes place in a vacuum chamber. 
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Solar energy absorbing means are known from SE-C-7713121-7, which means comprises 
a sheet formed element of aluminum sheet and a surface layer applied upon this by means 
of anodizing, surface layer has a high spectral selectivity and which consists of an alumi- 
num oxide layer having been tightened afterwards and having a maximum thickness of 1 .5 
micrometer. The surface layer comprises small poies comprising metal, which layer is 
completely included into the oxide layer and are isolated from each other. The manufac- 
ture of the absorbing surface takes place using anodization and introduction of metal into 
the pores in an electrolytic way. This method is carried out in two different process steps 
and two different metals are used. The methods are labour intense and requires a lot of 
man power. After the electrolytic treatment a number of environmentally dangerous resi- 
dual products are produced which have to be safely stored and destructively treated. 



Further, from US-A-4,964,963 there is known a method using two process steps, whereby 
a solar energy reflector is primarily coated with a stainless steel in an oxidizing atmos- 
phere by atomizing whereupon a second metal layer having a high reflecting ability is 
atomized above the steel. 

From US-A-4,990,234 and the international application WO 87/06626 there is known 
different methods for coating glass surfaces with another material, by means of the 
atomizing technology. 

DE-3,022,714-C2 describes a method for the preparation of a selectively absorbing layer 
for a solar collector using an argon-nitrogen sputtering atmosphere, where nickel is 
transferred to nickel nitride by means of cathode atomizing. The process provides a surface 
having high absorption values and a relatively low thermal omittance, but it is not suited 
for industrial manufacturing as the treatment time (30 min for a treatment surface of 1 .6 
m 2 ) during the atomizing is far too long. 

THE OBJECT OF THF INVENTION and its moq T im p ortant fp a T . ,p pc 
The object of the present invention is to obtain a spectral selective absorbing surface on 
solar collector elements, which surface has a very high solar absorbing ability, in the range 
of 96 to 97 % and having a low thermal emittance, in the order of 1 0 %, and which can be 
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produced with high capacity in industrial scale. These objectives have been solved by the 
fact that the reactive gas in an amount of I to 50 cm Vmin, kW, preferably 1 0 cm Vmin, kW 
and the distribution hereof in the coating zone, provides that the metal layer deposed onto 
the receiving material partly oxidizes during the deposition, whereby a layer is obtained 
5 that comprises a grain mixture of metallic material and metal oxide, whereby 40 to 80 %, 
preferably about 50 %, of metallic material is embedded into the metal oxide closest to the 
receiving material, which metallic materia] is successively decreased to about zero at the 
surface of the layer by increasing the addition of oxygen at the end of the coating zone, 
that the metal is selected from the group consisting of nickel, chromium, cobalt, molyb- 
1 0 denum, or the similar, or a mixture thereof, preferably a nickel-chromium-alloy where the 
ratio of chromium is 4 to 30 %, preferably about 20 %, and that the grain size is <0.005 
micrometer, preferably 0.001 micrometer. 

By using the method of the invention the man power demand is reduced with about 60 %. 
1 5 No environmentally dangerous residual products is produced at the sputtering. The manu- 
facturing time, the manufacturing costs, and material and energy consumption can be 
reduced. 

DESCRIPTION OF THF. nR A WPMHR 

20 The invention will be described in the following with reference to the exemplifying embo- 
diment shown in the accompanying drawings. 

Fig. 1 shows diagrammatically a cross-section of an exemplifying embodiment of a 
sputtering plant of the invention. 
25 Fig. 2 shows a cross-section along the line II-II of Fig. 1 . 

Fig. 3 shows a cross-section of a second exemplifying embodiment of a sputtering plant of 
the invention. 

Figs. 4-6 show three different cross-sections 1V-IV, V-V, and Vl-VI of the exemplifying 
embodiment of Fig. 3. 
30 Fig. 7 shows a graph of the cathode characteristics. 



DESCRIPTION OF EXEMPLIFYING FMRODIMFNTS 
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Figs. 1 and 2 show a pressure vessel or vacuum container 1 0 comprising a controlled 
atmosphere, which container 1 0 is intended for the sputtering process of the invention. The 
The chamber 1 0 comprises a number of outlets 21 connected to each their vauum pump 1 7 
and two inlets 19a and 19b respectively, for each their gas. Within the container 10 a 
cathode atomizing means 30 is arranged comprising a number of cathodes 13a, 13b con- 
nected to at least one energy source, at least one magnetrone 22 or the similar, and devices 
for carrying and feeding the receiving material 1 1 , which is winded onto rolls 20 and 20b 
in the form of a band. 



Vacuum is obtained by means of the vacuum pumps 17 decreasing the pressure in the 
pressure vessel 10 via the outlets 2 1 until the vacuum as desired has been obtained. The of 
receiving material 1 1 which preferably consists of aluminum sheet, but can consist of 
copper, nickel, or chromium as well, is divided into a number of, e.g., five rolls, for each 
batch of treatment which rolls are stored in a carriage 24 being movable into the container 
1 0 from an openable end 25 of the container. Inside the pressure container 1 0 clutches 26a 
and 26b are connected to a driving and braking means 28, and 27, respectively, which via 
the clutches 26a, and 26b, connect the rolls 20a and 20b of the receiving material. The 
receiving material 1 1 is rolled off from the roll 20a, is treated in the treatment zone 1 6, and 
is rolled onto the roll 20b. 

The cathode atomizing means 30 is insertable into the container via a channel 29 arranged 
transversally to the pressure container 10, so that the means is situated in the treatment 
zone 16. The atomizing means 30 comprises the cathodes 13a and 13b consisting essenti- 
ally of nickel (Ni) and two magnetrones 22 situated in a short distance from the receiving 
material 11. 

When the carriage 24 with the rolls 20a and 20b placed thereon is situated in the container 
10 and this has been sealed and the pressure as desired has been obtained the cathodes 13a 
and 13b are connected to the energy source 18, while the receiving material 1 1 is rolled off 
from the roll 20a to the roll 20b, whereby it passes the treatment zone 16. The cathodes 13 
are, in accordance with the present example, cylindrical shaped and are rotating. There is 
a possibility of lowering the cathodes successively during the ongoing process so that the 
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material dedepositing rate shall become as even as possible. Simultaneously, a gas mixture 
consisting of a rare gas, e.g., argon (Ar) and a reactive gas, e.g., (O), is added via the lines 
1 9a and 1 9b, respectively. 



By means of the potential difference between the cathodes 13, and the receiving material 
1 1 the gas become charged between these and forms a plasma gas. The ion activity of the 
plasma gas contributes to the fact that the ions of the plasma collide with nickel atoms on 
the cathode, whereby Ni-atoms are shoot out from the cathode surfaces and are attached to 
the receiving material. The concentration or amount of oxygen is chosen in such a way 
that the nickel layer deposed on the receiving material partly oxidizes during the deposi- 
tion. In such a way a layer is obtained having a grain mixture of metallic nickel and nickel 
oxide. 



The thickness of the layer is about 0.16 micrometer. In order to obtain a high absorption of 
the solar radiation a larger amount of metallic nickel should be present closest to the re- 
ceiving material in order that then successively decrease to almost zero at the surface. This 
task is solved at a movable receiving material in such a way that more oxygen gas is added 
at the end of the coating zone than at the beginning thereof. By placing the gas nozzle 23 
of the reactive gas at the outlet end of the coating zone and having it turned to form an 
angle obliquely towards this, a more thorough oxidation is obtained at the end of the treat- 
ment zone compared with the beginning of the zone. This means that the ratio of metallic 
nickel is 40 to 80 %, preferably 50 % closest to the receiving material. The surface layer of 
the coating consists essentially of oxidized particles. 

The metal oxide (NiO) has a relatively high refraction index, and thus about 7 % of incom- 
ing solar radiation is reflected. In order to be able to reduce reflexion losses the surface is 
coated with a further layer where the oxygen of the plasma has been mixed with a gas, 
e.g., flourine (F) which forms an oxiflouride (NiOF) having a lower refraction index. The 
thickness of this layer is about 0.05 micrometer. By means of this step the reflexion losses 
are reduced to about 2 % for a totally smooth surface. 



The embodiment shown in Figs. 3 to 6 differs from the preceding one as the off and 
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rolling rolls 20a and 20b, respectively, are placed side by side on the same shaft 35, where- 
by a more compact design of the pressure container 10 can be obtained. 

The track from the offroHing roll 20a to the on rolling roll 20b is determined by a number 
of pulleys 34a - 34d. The receiving material 1 1 is rolled off from the roll 20a and is con- 
veyed over a first lower pulley 34a, via a second pulley 34b, which with regard to the 
centre axis of the first pulley 34a is oblique (alpha = 9 »), whereupon the material is led 
over a second upper oblique pulley 34c and a second lower pulley 34d to the on rolling noil 
20b. The axis 35 can be connected to a driving means (not shown) via a clutch device 26a. 
The part of the shaft onto which the on rolling roll 20b is mounted is arranged being driv- 
ing while the second part onto which the roll 20a is mounted can roll freely, but its rota- 
tional speed can be regulated by means of brakes (not shown). The shaft 35, the pulleys 34 
and their supporting frame is mounted on a carriage 24 which can be moved in and out 
from the container 10. 

Fig. 4, which shows a cross-section along the line JV-JV through the container 10, shows 
how the cathode atomizing devices 30 are arrnaged over the track the receiving material 1 1 
passes between the oblique pulleys 34b and 34c. At each cathode atomizing device 30 
there is at least one inlet 19a arranged for the addition of a rare gas (e.g., argon) and an 
inlet 19b for the reactive gas (e.g., oxygen). The container communicates with a vacuum 
pump 1 7, which is used to empty the container of air and to obtain a controlled atmos- 
phere. By arranging a number of cathode atomizing devices 30 after each other, the thick- 
ness of the oxide layer can be built up, if so wanted, and possibly, several different layers 
can be applied. 

The sputtering is preferably carried out in two steps, viz. A first step where the reactive gas 
is added in a rear end of the treatment zone seen in a transporting direction of the receiving 
materia! and in a second step in which reactive gas is added from the opposite direction in 
the beginning and at the end of the treatment zone. In order to reach an absorption of 96 to 
97 % an anti reflexion layer (AR-layer) can be applied in step two above the metal oxide, 
which anti reflexion layer is formed by adding fluorine gas to the reactive gas - oxygen 
gas. The reflexion is reduced in this way over the total solar wavelength range thanks to 
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the lower retraction index of the metal fluoride compared to that of the metal oxide. 

In the plant according to Fig. 5 heating devices 23 are shown in the form of heating helixes 
which when needed heat the receiving material 1 1 when it passes them, as well as cooling 
devices 32 for cooling the receiving material. The heating 23and cooling 32 devices have 
turned out to be superfluous in the operations shown in examples 1 and II. When using 
other metals, receiving materials, and gases they may, however, become necessary, to 
control the (surface) temperature of the receiving material II. Between each heating and 
cooling device there is arranged heat sensitive sensors 31 which read the temperature of 
the receiving material and transmit data to a controlling unit (not shown) which controls 
the heating helixes and the cooling devices to maintain the correct temperature of the 
receiving material. 

The graph 33 of Fig. 7 shows the relation between the cathode voltage and the oxygen 
concentration. The most the sputtering process. Before the oxygen gas is added only nickel 
is sputtered from the c a essential part of the graph is between the points A and D which 
determine the critical part of thode towards the receiving material 1 1 . Between the points 
B and C when the concentration of oxygen is optimal, some nickel particles react with the 
oxygen gas whereby a porous oxide matrix having embedded Ni-particles therein is 
formed, which particles cover the bottom layer of the receiving material. Between points C 
and D the formation of the oxide layer takes place. 

In order to reduce the soft magnetic properties of the nickel material it will be suitable to 
use a nickcl-chromium-alloy having 4 to 30 % of chromium, preferably 20 %, as 
cathodes. Also other metals other than nickel and chromium can be used, viz. E.g.. cobalt 
or molybdenum, but with regard to costs, nickel will be preferred. 

EXAMPLE 1 

The example relates to a layer on a movable receiving material, addition of the reactive gas 
at the end of the coating zone, and a stationary cathode. 



In the container 10 a pressure of 3x10 millibar is obtained. The in effect from the 
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source 1 8 is 7.5 k W. whereby a voltage of 600 V is obtained in the plasma gas. The flow 
of argon (Ar) was restricted to 400 cm Vmin while the oxygen gas flow was 52 cm Vmin. 
The distance between the cathode and the receiving material was 1 0 cm. A nickel oxide 
layer Ni + NiO having the thickness of 160 micrometer was formed on the surface of the 
receiving material consisting of aluminum (Al). The absorption area of said oxide 
thickness turned out to have a high - 91 % - solar radiation absorption and a low thermal 
emission - 10 %. The band speed was 1.5 m/min, not preheating. The magnetron gave a 
temperature of about 300 °C in the coating zone. The cathode had a diameter of 1 5 cm. 

The process parameters according to this experiment were varied in accordance with the 
below given: 

The treatment was carried at a pressure of between 1x10 < Torrand 5x10 s Torr, an ineffect 
ofbetween 100 Wand I kW, an inflow of argon (Ar) of between 1.0 cm Vmin and 20.0 
cmVmin and a temperature of between 200 °C and 500°C. 

! 

EXAMPLE H 

The surface ofExample I was coated with a further coating in a second step in accordance 
with the following: 
Pressure: 3 to 10 -3 millibar 
Magnetron effect: 4 kW 
Voltage: 300 V 

Oxygen gas: 80 cm 3 /min and 60cm Vmin 

Tetrafluoro methane (CF 4 ): evenly distributed in the plasma 

Speed: 1.15 m/min 

The absorption having this further layer turned out to 96 % of absorption and 10 % of 
emission. 

The above parameters are specific for this particular experiment and can be varied 
considerably with regard to the size of the container, the rolling speed of the receiving 
material etc.. 
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CLAIMS 

1. Process for the manufacture of a spectral selective absorbing layer on solar collectors 
having a high solar absoiption ability and a low thermal emittance on a movable receiving 
material by atomizing metal in a coating zone present in a chamber using a sputtering 
atmosphere, which contains at least one gas supporting the sputtering, preferably argon 
(Ar) and one reactive gas, preferably oxygen (O), whereby the metal forms the cathode ant 
the receiving material or the chamber forms the anode, between which a potential 
difference is obtained and thereby a plasma, whereby metallisation of the receiving 
material is obtained by sputtering, 
characterized in 

that the reactive gas in an amount corresponding to 1 to 50 cm Vmin, kw. preferably 10 
cmVmin, kW and the distribution thereof in the coating zone, provides that the metal layer 
deposed onto the receiving material partly oxidizes during the deposition, whereby a layer 
is obtained that comprises a grain mixture of metall and metal oxide, whereby 40 to 80 %, 
preferably about 50 %, of metal is embedded into the metal oxide closest to the receiving 
material, which metal is successively decreased to about zero at the surface of the layer by 
increasing the addition of oxygen at the end of the coating zone, 
that the metal is selected from the group consisting of nickel, chromium, cobalt, 
molybdenum, or the similar, or a mixture thereof, preferably a nickel-chromium-alloy 
where the ratio of chromium is 4 to 30 %, preferably about 20 %, and 
that the grain size is <0.005 micrometer, preferably 0.001 micrometer. 

2. Process according to claim 1 , 
characterized in 

that the total thickness of the sputtering layer is chosen as a function of the wavelength of 
the solar radiation within the wavelength range of 0.3 to 4 micrometer, preferably, is a 
thickness of 0.12 to 0.2 micrometer , suitably 0.16 micrometer, chosen. 

3. Process according to claim 1 or 2, 
characterized in 

that the receiving material passes through a pressure container (vacuum container 10) 
using a controlled atmosphere, at a pressure of 1 x 1 0 - to 1 0" 3 mbar, preferably 6x 1 0 J mbar, 
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and that at least a part ( 1 6) of the receiving material ( 1 1 ) is brought within an activity area 
before at least one sacrificing cathode (13) connected to an ineffect of 5 to 1 00 W/cm 2 of 
cathode area, preferably 50 W/cm 2 , and which cathode essentially consists of nickel (Ni) 
and is brought in cooperation with at least one rare gas, preferably argon (Ar) in an amount 
corresponding to 5 to 100 cm 3 /min, kW, preferably about 30 cm Vmin, kW and said 
reactive gas. 

4. Process according to claim 1 or 2, 
characterized in 

that the psuttering is carried out in two steps, viz. a first step wherein the reactive gas is 
added at the end of the treatment zone of the first step in the direction for the transport of 
the receiving material, and a second step wherein the reactive gas is added contra directed 
at least in the beginning of the treatment zone of the second step. 

5. Process according to claim 4, 
characterized in 

that a second layer is applied onto the surface of the coating formed in the first step in a 
second or next step by adding to the reactive gas a gas which provides the metal oxide a 
lower refraction index, preferably fluorine gas or chlorine gas. 

6. Process according to claim 5, 
characterized in 

that the thickness of the second layer is chosen as a function of the wavelength of the solar 
radiation within the wavelength range 0.3 to 4 micrometer, preferably a thickness of 0.02 
to 0.1 micrometer, preferably about 0.05 micrometer, is chosen 

7. Plant for the manufacture of a spectral selective absorbing layer on solar collectors 
having a high absorption ability and a low thermal emittance on a receiving material by 
atomizing of a metal in a coating zone present in a vacuum chamber using a sputtering 
atmosphere, which rcccinving material (1 1) is windabel onto and windable off from rolls 
(20a, 20b) present in a pressure chamber (10), in which a treatment zone ( 1 6) is arranged 
through which the receiving material (11) passes on its way nfromn the one roll to the 
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other, 

characterized in 

that a magnetron equipped cathode atomizing device (30) is arranged in, or introduceable 
into, the treatment zone (16), to which zone lines (19a, 1 9b) are arranged to lead for the 
addition of gases, the reactive gas being arranged to be added at the end of the treatment 
zone by means of a nozzle, which nozzle is directed contrary to the transport direction of 
the receiving material. 

8. Plant according to claim 7, 
characterized in 

that clutches (26) are arranged in the pressure container (1 0) and connected to driving and 
braking means (27, 28) arranged outside the pressure container for the connection to the 
rolls (20a, 20b) of the receiving material (11). 

9. Plant according to claim 7, 
characterized in 

that the rolls (20a, 20b) for the receiving material (1 1 ) are arranged on a carriage (24) 

being introducable into the pressure container, 

that the rolls are mounted on a common shaft (35) side by side, 

that the carriage is provided with a number of pulleys (34) via which the receiving material 
(1 1) passes on its way from the off rolling roll (20a) to the on rolling roll (20b), and 
that one or more of the pulleys (34b, 34c) are oblique to guide the receiving material to the 
respective roll. 

10. Spectral selective absorbing layer on solar collectors having a high solar absorption 
ability and a low thermal emittance, which layer is applicable on a receiving material by 
atomizing metal in a coating zone present in a chamber using a sputtering atmosphere, 
which contains at least one gas supporting the sputtering, preferably argon (Ar) and one 
reactive gas, preferably oxygen (O), whereby the metal forms the cathode ant the receiving 
material or the chamber forms the anode, between which a potential difference is obtained 
and thereby a plasma, whereby metallisation of the receiving material is obtained by 
sputtering, 
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characterized in 

that the reactive gas in an amount corresponding to I to 50 cm 7min, kW, preferably 10 
cm Vmin, kW and the distribution thereof in the coating zone, provides that the metal layer 
deposed onto the receiving material partly oxidizes during the deposition, whereby a layer 
is obtained that comprises a grain mixture of metal and metal oxide, whereby 40 to 80 %, 
preferably about 50 %, of metal is embedded into the metal oxide closest to the receiving 
material, which metal is successively decreased to about zero at the surface of the layer by 
increasing the addition of oxygen at the end of the coating zone, 
that the metal is selected from the group consisting of nickel, chromium, cobalt, 
molybdenum, or the similar, or a mixture thereof, preferably a nickel-chromium-alloy 
where the ratio of chromium is 4 to 30 %, preferably about 20 %, and 
that the grain size is <0.005 micrometer, preferably about 0.00 1 micrometer. 

1 1 . Spectral selective absorbing layer according to claim 10, 
15 characterized in 
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that a second layer is applied onto the surface of the coating formed in the first step 
second or next step by adding to the reactive gas a gas which provides the metal oxide 
lower refraction index, preferably fluorine gas or chlorine gas. 
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